tion, the number of inflammatory cells in the peritoneal cavity induced in response to TGC did not correlate with the permissiveness or nonpermissiveness of the MPs from various mouse strains to LegioneUa, indicating the permissive nature of the cells is controlled by genetic mechanisms involving a recessive phenotype but differs from resistance genes such as Ity important for replication of S. typhimurium.
INTRODUCTION
Legionellosis is caused by Legionella pneumophila, an etiologic agent of pulmonary infection in humans, especially those with a degree of immunodepression [1] . This microorganism is a facultative intracellular bacterium which replicates readily in human mononuclear phagocytes [2] . Guinea pigs also have been found extremely susceptible to this organism and their phagocytes readily replicate L. pneumophila [3, 4] . Electron microscopic confirmation of Legionella replication within alveolar and peritoneal macrophages from laboratory animals has been reported [5] [6] [7] and similar observations were obtained in this laboratory [28] . In this regard, previous studies in this laboratory have shown that macrophages from thioglycollate (TGC) injected A/J mice support the growth of L. pneumophila, similar to growth of these organisms in guinea pig macrophages [8] . Studies in this laboratory, as well as in others [6] , had shown that macrophages from other inbred mouse strains, as well outbred mice, do not support the in vitro growth of Legionella and are relatively resistant to L. pneumophila infection in comparison to guinea pigs [4, 10] . However, A/J mice are more susceptible than other mouse strains to infection with these bacteria.
In the present study we investigated the permissive nature of macrophages from A/J mice with regards to a possible inherited trait. Furthermore, we attempted to determine the relationship between the inherited pattern of L. pneumophila growth in murine macrophages and growth of other intracellular bacteria such as Salmonella typhimurium. The permissiveness of elicited peritoneal macrophages, both those induced by TGC and casein, for growth of Legionella was found to be regulated by genetic mechanisms and these mechanisms did not appear to correlate with the phagocyte inflammatory response since A/J mice show a low inflammatory response to any stimulus [11] . The results of this study also suggest the genetic mechanisms responsible for the permissive nature of mouse macrophages for L. pneumophila growth differs from other resistance mechanisms to bacteria such as S. typhimurium.
MATERIALS AND METHODS

Animals
Inbred A/J and BALB/c mice were used for these studies. They were purchased from Jackson Laboratories, Bar Harbor, ME. In addition, ACF1 (A/J x BALB/c), ACF1 x A/J, ACF1 x BALB-/c, and ACF2 mice were bred in the animal facilities in this institution. They were 10-14 weeks of age at the time of each experiment.
Bacteria
A virulent strain of Legionella pneumophila, serogroup 1, was obtained at autopsy from a case of fatal legionellosis at Tampa General Hospital and cultured on buffered charcoal yeast extract (BCYE) medium as described previously [12] . Salmonella typhimurium C5/TS1/1, the temperature sensitive mutant, was kindly provided by Dr. C. Hormaeche, University of Cambridge, Cambridge, U.K., and cultured on nutrient agar medium at room temperature as described previously [13] . Both bacteria were suspended in pyrogen-free saline and adjusted to a working concentration in tissue culture medium with a spectrophotometer at 620 nm.
Macrophages
Elicited peritoneal macrophages (MPs) were obtained from individual mice 3-4 days after intraperitoneal injection of either 3% thioglycollate (TGC) or 0.2% casein (Difco Laboratories, Detroit, MI). The elicited MPs were collected with 4.0 ml RPMI 1640 medium supplemented with 5 U heparin/ml, counted by a hemocytometer using trypan blue (Gibco Laboratories, Madison, WI) and allowed to adhere to 24-well tissue culture plates (Mark II; Costar, Cambridge, MA) for 2 h in 5% CO 2 at 37°C. The resulting cell monolayers were washed with Hanks' balanced salt solution (HBSS; Gibco Laboratories) and used for experiments as described previously [8] .
Bacterial growth in MP cultures
MP monolayers (approximately 1 x 10 6 cells per well) were infected with 2 X 10 6 bacteria for 30 min at 37°C in 5% CO 2, washed to remove nonphagocytized bacteria, supplied with RPMI 1640 medium containing 15% heat inactivated fetal calf serum (FCS, Hyclone Laboratories, Logan, UT) and then incubated for various times. The number of viable bacteria in MP lysates prepared with sterile distilled water as described previously [8, 9] , was determined on BCYE agar or nutrient agar for L. pneumophila or S. typhimurium, respectively. The intracellular fate of the bacteria in TGC induced MPs in vitro after in vivo phagocytosis was determined as follows: 0.5 ml of a bacterial suspension (2.5 x 106) were injected i.p. into mice 4 days after injection with TGC and after 30 min the mice were killed. The peritoneal MPs were collected from individual mice with 4.0 ml RPMI 1640 medium containing 5 U heparin/ml, and 1.0 ml of a MP suspension allowed to adhere to tissue culture plates (24-well) for 90 min at 37°C. The cultures were then washed to remove nonadherent cells and non-phagocytized bacteria, and incubated further with 15% FCS-RPMI 1640 medium at 37°C in 5% CO 2. The starting point of this incubation is 0 time. The number of viable bacteria in the MP lysates prepared with sterile distilled water was determined at 0, 24 and 48 h after incubation. 
Fate of bacteria in MP cultures
The fate of L. pneumophila in the MPs from A/J mice was compared with that in MPs from BALB/c mice as obtained from either TGC or casein injected mice. TGC-elicited peritoneal MPs from A/J mice were much more permissive for the growth of L. pneumophila than were similarly elicited MPs from BALB/c mice ( Fig. 1 ). Furthermore, MPs from the A/J mice elicited by casein injection were also more permissive than were casein-elicited MPs from BALB/c mice in terms of growth of L. pneumophila, although the bacteria grew much less vigorously in MPs from mice treated with casein ( Fig. 1 ). In contrast, intracellular killing activity of MPs from A/J and BALB/c mice treated with either TGC or casein was essentially similar using the temperature sen-
2). For these experiments, MP monolayers were infected with 2 X 10 6 S. typhimurium for 30 min, washed, and then incubated for appropriate periods of time. As is evident in Fig. 2 , MPs from both strains of mice tested killed the S. typhimurium 2 and 6 h after infection, and at 24 h after infection there was a slight replication of the bacteria, but much lower than was evident with the L. pneumophila. 
Permissiveness of TGC-induced hybrid mouse MPs for the growth of Legionella
Intracellular killing activity of Legionella vs. Salmonella
When the intracellular killing activity of casein-induced MPs obtained from individual inbred and hybrid mice was compared in terms of activity against L. pneumophila and S. typhimurium, marked differences were evident. As (Fig. 3) . Table 1 shows the summary of permissiveness of hybrid mice MPs with Legionella growth. The percentage of permissiveness observed in hybrid mice was close to the percentage predicted for that which would be controlled by a single gene.
Correlation between inflammatory cells in peritoneum and permissiveness for Legionella growth
Peritoneal exudate (PE) cells from individual inbred and hybrid mice were obtained 4 days after injection with TGC and the number of cells measured. The results are shown in Fig. 5 . BALB/c mice had somewhat more PE ceils than did A/J mice. The F 1 mice showed a similar pattern as parent BALB/c mice, that is, relatively high numbers of PE ceils were recovered from the peritoneum of the F 1 mice. The F 2 mice showed somewhat lower numbers of PE ceils. When ACF1 x A/J back-crosses were studied, the number of PE cells obtained from the mice was essentially similar to that observed in the parent A/J mice. The number of PE cells of ACF1 x BALB/c back-cross mice was almost the same as that of parent BALB/c mice. The permissive nature of these PE cells for Legionella pneumophila and some of these permissive mice yielded higher numbers of PE cells, but some yielded lower numbers. This is also evident for ACF1 X A/J back-cross mice, that is, the mice which showed the low number of PE cells did not always show permissiveness of their cells to L.
pneumophila growth.
DISCUSSION
Genetic control of host resistance to bacterial infection has been investigated in some detail, especially in the cases of Listeria, Mycobacterium ;. ,~. and Salmonella infections in mice. Recent studies showed that a single gene designated Bcg controlled the resistance of mice to Mycobacterium infection and this was found located on chromosome 1 [14] . This Bcg gene was either very tightly linked to or, more likely, identical to two other host resistance genes, namely Ity and Lsh, which determine haurine resistance to Salmonella typhimurium [15] and Leishmania donovani [16] , respectively. On the other hand, Listeria monocytogenes infection in mice is also controlled by an autosomal gene named Lr [17] . Stevenson et al. [11] have demonstrated that genetically determined susceptibility to L. monocytogenes was linked to poor mobilization of mononuclear phagocytes to the site of infection. The more recent study on L. monocytogenes infection showed that a defect in the phagocyte inflammatory response caused by C5 deficiency was a major reason for susceptibility of mice to L. monocytogenes infection and this gene may be identical with Lr-1 [18, 19] . The A/J mouse strain which was used as a susceptible mouse strain for LegioneUa in the present study is susceptible to L. monocytogenes infection [17] . However, this mouse shows a resistance to Mycobacterium [20] and S. typhirnurium infections (Ity r) [21] . This mouse strain also shows a low inflammatory response to other stimuli [11] . This was shown to occur regardless of whether the macrophages were obtained from mice injected with either thioglycollate or casein to elicit the cells. Using hybrids of permissive A/J and non-permissive BALB/c mice, as well as backcross mice from these hybrids, the genetic control of susceptibility vs resistance of macrophages to L. pneumophila growth was demonstrated in the present study, i.e., the percentage of permissiveness observed in hybrid mice was close to the percentage predicted for that which would be controlled by a single gene ( In that report they observed that a temperaturesensitive mutant of S. typhimuriurn was killed to a greater extent by Ityr (resistance allele) macrophages than by lty s (susceptibility allele) macrophages. Moreover, O'Brien et al. [24] have reported Ityr macrophages appear to kill a range of bacteria such as E. coli, C. diphtheria and S. aureus more efficiently than do lty s macrophages.
That report also suggested that the mechanisms of such differences between Ity ~ and Ity r macrophages may depend on either the number of phagolysosomes present or the number of secondary lysosomes that fuse with phagosomes in Ityr-infected vs lty~-infected macrophages. Another possible mechanism is that differences in reactive oxygen independent killing mechanisms may exist between Ity r and Ity ~ macrophages. These findings and the different possible mechanisms by which Ityr macrophages exert enhanced microbicidal activity compared to Ity S macrophages are useful as a reference when the mechanisms of Legionella resistance are consid- L. pneumophila do not proliferate in the medium used for the culture of macrophages and only intracellular growth occurred in vitro [25] . Furthermore, in other studies, electron microscopic examination had shown that the L. pneumophila are readily detected within A/J mouse macrophages after in vitro infection [26] but are not seen within cells of other mouse strains [27] . Similarly, results of light microscopy examination and colony counts for bacterial growth were similar to the results obtained by electron microscopy [28] . These findings support the conclusion that growth of L. pneumophila in macrophage cultures reflects permissiveness vs nonpermissiveness.
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